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Receiving, from one or more merchant devices associated 
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item, price information of the merchandise item, and sales 
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Determining a difference between a first quantity of the 
merchandise item sold at the first physical store and a target 

quantity exceeds a threshold value 

Predicting that adjusting price of the merchandise item to a 
Suggested price value will cause the quantity of the 

merchandise item being sold at the first physical store in the 
time Slot to Chande by a delta quantity value 

Providing the suggested price value to an operator of the first 
physical store as a Suggestion on adjusting a price of the 
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Determining, based on the sales information, that a sales 
anomaly occurs in a time slot in the time period 

Predicting, based on the price information and the cost 
information, that adjusting price of the merchandise item to a 
suggested price value in the time slot will cause the quantity 

of the merchandise item being sold to change 

Providing the suggegsted price value to an operator of the 
physical store as a Suggestion 
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DYNAMIC PRICING FOR PHYSICAL 
STORES 

BACKGROUND 

Some online businesses sell virtual products using auto 
matic pricing. For example, an online content provider can 
determine prices of advertisement slots for selling to adver 
tisers. Using historical page view data, the online content 
provider can estimate demand on a particular advertisement 
slot. The online content provider can then determine a price 
of the advertisement slot based on the demand. Alterna 
tively, the online content provider can allow advertisers to 
bid for the advertisement slot in an auction. 
A physical store selling goods or services can face mar 

keting challenges that are different from those of online 
content providers selling advertisement slots. For example, 
the physical store may not have Sufficient amount of his 
torical data for performing demand analysis. In addition, in 20 
determining a price of an item, the physical store usually 
takes into account a cost (e.g., a wholesale price) paid for the 
item. Relatively few physical stores sell goods or services 
through auctions. 

10 

15 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an exemplary user interface of a system imple 
menting dynamic pricing for physical stores. 

FIG. 2 is an exemplary user interface of a system imple- 30 
menting dynamic pricing for physical stores based on 
experiment. 

FIG. 3 is a block diagram illustrating exemplary compo 
nents of a system implementing dynamic pricing for physi 
cal stores. 35 

FIG. 4 is a block diagram illustrating exemplary compo 
nents of a demand analyzer of FIG. 3. 

FIGS. 5 and 6 are flowcharts illustrating exemplary pro 
cedures of dynamic pricing for a physical store. 

FIG. 7 is a block diagram of an exemplary system 40 
architecture for implementing the features and operations of 
FIGS 1-6. 

Like reference symbols in the various drawings indicate 
like elements. 

45 

DETAILED DESCRIPTION 

Techniques of dynamic pricing for physical stores are 
described. A server handling purchase transactions of mul 
tiple physical stores can aggregate sales data on goods and 50 
services and determine a pattern. The server can determine 
that sales of an item of goods or services at a particular 
physical store deviate from the pattern at a particular time. 
Upon determining that sales price of the item at that physical 
store significantly correlates to the deviation, the server can 55 
determine a suggested price for correcting the deviation. As 
an experiment, the server can sell the item at the Suggested 
price at the particular time for a given time period. The 
server can present results of the experiment to an operator of 
the physical store. 60 

The features described in this specification can be imple 
mented to achieve one or more advantages. For example, 
compared to conventional automatic pricing techniques that 
are applied to virtual items, the features described in this 
specification can apply dynamic pricing to physical items 65 
sold at physical stores, where each individual physical store 
may not have sufficient resources to perform demand analy 

2 
sis. In addition, dynamic pricing for physical stores can 
account for cost of the physical items sold. 
The features described in this specification can automati 

cally set prices of items carried by a physical store. A system 
knowing the market trend can provide an optimum pricing 
strategy for the physical store on an on-going basis. Accord 
ingly, an operator of the physical store can spend fewer 
resources on determining prices of merchandise items the 
store carries, and focus more resources on quality or cus 
tomer service. 
The details of one or more implementations of dynamic 

pricing for physical stores are set forth in the accompanying 
drawings and the description below. Other features, aspects, 
and advantages of dynamic pricing for physical stores will 
become apparent from the description, the drawings, and the 
claims. 

FIG. 1 is an exemplary user interface 100 of a system 
implementing dynamic pricing for physical stores. The 
system can be a payment processing system that handles 
backend financial transactions for multiple physical stores. 
The system is described in further details in reference to 
FIG. 3. The system includes one or more server computers 
providing the user interface 100 for display on a user device. 
For example, the system can include a web server configured 
to provide the user interface 100 for display in a web 
browser on a laptop or tablet computer. 
The system determines an expected sales quantity of a 

merchandise item (“item A') sold at a physical store 
(“Acme'). Item A can be an item of goods or services. The 
expected sales quantity is a quantity of item A that the 
system expects the physical store to sell over a period of 
time. The system can represent the expected sales quantity 
of item A in a suggestion area 102 of the user interface 100 
as an expected sales representation 104. The Suggestion area 
102 is a display area where the system can present expected, 
current, and predicted future sales quantities of item A, and 
Suggestions on how to reach the future sales quantity from 
the current sales quantity. The expected sales representation 
104, as well as representations of the current and future sales 
quantities, can be a graph (e.g., bar graph, line graph, or pie 
graph) or text (e.g., a table or a text paragraph). 
The system can determine the expected sales quantity 

based on historical sales quantity, comparative sales quan 
tity, or both. To determine the expected sales quantity based 
on historical sales quantity, the system analyzes past sales 
data of the physical store Acme. The past sales data include 
sales transactions of item. A for a sufficient long period of 
time (e.g., longer than a threshold number of days, weeks, 
months, or years). The system can determine an average 
sales quantity of item. A for a time period (e.g., a day, week, 
month, or year) and represent the average sales quantity 
using expected sales representation 104. For example, the 
system can determine that, for the past N years (ND=1), the 
average sales quantity of item A is X units per week. The 
system can designate a time period to be one year, and each 
week in that year to be a time slot. The system can represent 
the quantity of X units per week for a year as a line. 
To determine the expected sales quantity based on com 

parative sales quantity, the system analyzes sales data of a 
group of physical stores that includes at least one physical 
store other than Acme and unrelated to Acme. The physical 
store unrelated to Acme has no sales data of Acme. Like 
wise, Acme has no sales data of that physical store. The 
group of physical stores may or may not include physical 
store Acme. The system can select the group of physical 
stores based on similarity between each store and physical 
store Acme. The similarity can include a similar location 
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(e.g., located within a same postal code area as physical 
store Acme), similar operating hours, similar size, similar 
revenue, similar business classification, other relevant 
aspects, or any combination of the above. The system can 
collect the sales data of past transactions on each of the 
physical stores in the group. The system then anonymizes 
the sales data. The system can represent a time period (e.g., 
a year) of the sales data as expected sales representation 104. 

Expected sales representation 104 is represented as a 
straight line in FIG. 1. Based on sales data, expected sales 
representation 104 can be a curve if the value X varies week 
by week. In some implementations, the system can display 
the curve. In some implementations, the system can scale the 
curve into a straight line by seasonally adjusting the sales 
quantity. 
The system determines current sales quantity of item A 

sold by physical store Acme. The system can determine the 
current sales quantity based on transaction information of 
sales of item. A received from physical store Acme. The 
current sales quantity can include quantity of item. A sold 
during a specified time period (e.g., a most recent year). The 
specified time period may or may not include a present time. 
For example, the specified time period can be year 200Y, a 
year in the past. The system can determine one or more time 
period options (e.g., year, month, week, or day) and allow a 
user to select the time period. The system can provide the 
current sales quantity for display in the Suggestion area 102 
using current sales representation 106. The system can 
overlay the current sales representation 106 on expected 
sales representation 104. 
The system determines, based on the expected sales 

quantity and the current sales quantity, that, in a time slot 
T1, T2 (where T1 is a start time, and T2 is an end time), 
the current sales quantity of item. A deviates from the 
expected Sales quantity by a significant amount. The system 
can determine that the deviation is significant upon deter 
mining that a difference between expected sales quantity and 
the current sales quantity exceeds a threshold number of 
quantity (e.g., 100 units) or exceeds a threshold ratio (e.g., 
more than 20 percent of the expected sales quantity). 
Upon determining that the deviation is significant, the 

system can determine one or more variables correlated to the 
deviation. The correlated variable can include merchant 
parameters (e.g., price of item A at Acme in the past and in 
the time period corresponding to the current sales), item 
parameters (e.g., whether item A is bundled with item B) or 
other parameters. The correlated variable can include param 
eters indicating correlation with other merchants. For 
example, the correlated variable can include publicly avail 
able data from large retailer price reductions. The correlated 
variable can include item popularity over multiple mer 
chants. Upon determining that a particular item has reduced 
in popularity for X weeks across more than a threshold 
number of relaters, the item can determine that the reduction 
in popularity is correlated to the deviation. The system can 
determine that seasonality or customer mix seen at a retailer 
is correlated. The system can determine one or more most 
strongly correlated variables using a statistical model. The 
system can determine that price of item A is among the one 
or more most strongly correlated variables. 

For example, the system can determine that other physical 
stores located in the same postal code area of physical store 
Acme offer a discount for the duration of the time slot 
between T1 and T2. The system determines, based on 
merchant entered and anonymized data, that similar physical 
stores offer a “back to school discount during given weeks 
of year or a “happy hour discount during given hours of 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

4 
day. The system can determine that all other parameters of 
item A Sold at Acme are same as those in similar physical 
stores, except that physical store Acme does not offer a 
discount on item. A for the duration of the time slot between 
T1, T2. The system can determine that price of item A (x 
dollars per unit at physical store Acme), lacking a discount, 
is a variable most strongly correlated to the deviation. 
The system can determine, using the statistical model, a 

degree of correlation between the price and the deviation. 
Based on the degree of correlation, and based on a merchant 
cost (e.g., a wholesale price at which Acme bought item A), 
the system can determine a Suggested price (e.g., y dollars 
per unit of item A). The system can determine the merchant 
cost based on a user input (e.g., an input by an operator of 
physical store Acme). The system can determine the Sug 
gested price based on a maximum revenue or a maximum 
profit calculated using the cost, a difference between the 
Suggested price y and the current price X, and a projected 
increase (or decrease) in sales quantity of item A at physical 
store Acme during time slot T1, T2 associated with the 
difference. The system can provide the projected sales 
quantity (after the increase or decrease) at the Suggested 
sales price for display in Suggestion area 102 using projected 
sales representation 108. The system can overlay projected 
sales representation 108 on expected sales representation 
104 and current sales representation 106. 
The system can provide the Suggested price, or its equiva 

lent (e.g., a difference between the current price X and the 
Suggested price y), for display in Suggestion box 109. The 
system can provide for display in user interface 100 option 
items 110, 112, 114, and 116. Upon receiving an input 
selecting the option item 110, the system can keep item A at 
the current price at physical store Acme. Upon receiving an 
input selecting the option item 112, the system can perform 
an experiment using the Suggested price (y dollars per unit). 
More details on performing the experiment are described in 
reference to FIG. 2. Upon receiving an input selecting the 
option item 114, the system can change price of item A to the 
Suggested price at physical store Acme, Subject to manual 
adjustment. Upon receiving an input selecting the option 
item 116, the system can perform routine calculations in the 
future to determine if any deviation occurs. If yes, the 
system can change price of item A automatically and without 
user intervention in the future. Additional details on chang 
ing prices of an item sold at a physical store using a payment 
processing system are described below in reference to FIG. 
3. 

FIG. 2 is exemplary user interface 200 of a system 
implementing dynamic pricing for physical stores based on 
experiment. Upon receiving an input selecting option item 
112 (of FIG. 1), the system can sell item Aata changed price 
for a period of time as an experiment to determine whether 
changing the price of item A to a suggested price leads to a 
projected change in Sales quantity of item A. 
Upon receiving the input, the system can change the price 

(e.g., X dollars per unit) of item A at physical store Acme. 
The system can change the price by remotely reconfiguring 
a merchant device that processes sales transactions. Recon 
figuring the merchant device can include associating a new 
price (e.g., the Suggested price of y dollars per unit) with an 
identifier (e.g., a stock-keeping unit number or a universal 
product code) of item A on the merchant device. Additional 
details on the merchant device and reconfiguring the mer 
chant device are described below in reference to FIG. 3. 

In the experiment, the system can change the price of item 
A for the duration of a time slot T1, T2 where sales 
quantity of item A is determined to have deviated from an 
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expected quantity. The system can configure the experiment 
to one time period (e.g., from 6:00 pm to 7:00pm on a given 
day) or multiple time periods (e.g., from 6:00 pm to 7:00 pm 
every day for one week). During the experiment, the system 
records a sales quantity of the item at issue. During or after 
the experiment, the system can provide the sales quantity of 
item A at the Suggested price for display in Suggestion area 
202 as experiment representation 204. The system can 
overlay the experiment representation 204 on expected sales 
representation 104, "current' (now historical) sales quantity 
representation 106, and projected sales quantity representa 
tion 108. 

In addition, the system can calculate an increase (or 
decrease) in revenue or profit caused by the experiment, 
compared to the "current sales quantity, which is now a 
historical sales quantity. The system can display the change 
in quantity (e.g., plus or minus X units) during the experi 
ment period (time slot T1, T2) and the amount of increase 
or decrease in revenue or profit in experiment result area 
210. 

In Some implementations, the system can perform an 
experiment on a group of items. The group of items can 
include items designated as being related to one another and 
Subject to a same price policy. For example, physical store 
Acme can designate a group of items including notepads, 
pens, and calculators as a group having a label 'stationary.” 
Physical store Acme can apply a same “back to school 
pricing policy for each item in this group. The system can 
present results of the experiment on the group in result area 
210 as an integrated entry, rather than as individual entries. 
The system can automatically create the group based on 
common attributes of the items (e.g., a classification of the 
items), or create the group based on user selection. 
The system can provide for display in user interface 200 

option items 212, 214, 216, and 218. Upon receiving an 
input selecting the option item 212, the system can revert the 
experiment and change the price of an item (e.g., item A) or 
a group of items back to the price before the experiment at 
physical store Acme. Upon receiving an input selecting the 
option item 214, the system can perform a new experiment 
with a new suggested price. The system can determine the 
new suggested price (Z dollars per unit) based at least in part 
on the result of the experiment (e.g., when the increase in 
sales quantity did not reach the projected increase in Sales 
quantity). Upon receiving an input selecting the option item 
216, the system can change price of item A to the Suggested 
price at physical store Acme. Upon receiving an input 
selecting the option item 218, the system can perform 
routine calculations to determine if any deviation occurs. If 
yes, the system can change price of item A on an on-going 
basis, automatically and without user intervention. 

FIG. 3 is a block diagram illustrating exemplary compo 
nents of system 300 implementing dynamic pricing for 
physical stores. System 300 includes a payment processing 
system 302. The payment processing system 302 includes 
one or more server computers programmed to process 
in-store sales transactions, including card payments for 
purchasing goods and services. The in-store sales transac 
tions include customer-Store transactions (e.g., retail trans 
actions) that occurred in unrelated Stores. 

In an in-store transaction, a customer can buy an item of 
goods or services from a physical (“brick-and-mortar') store 
304. The physical store 304 can be physical store “Acme' as 
described in reference to FIGS. 1 and 2. A merchant device 
306 located at the physical store 304 can be programmed to 
handle the transaction, including displaying a price for an 
item and receiving payment information from a credit card, 
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6 
debit card, gift card, or loyalty card through a card Swipe. In 
some implementations, the merchant device 306 can receive 
user account information. The merchant device 306 can use 
the account information to make an online payment for the 
item. The merchant device 306 receives the account infor 
mation from a customer device 314 through wired or wire 
less communication 315. The customer device 314 can be a 
mobile computing device storing the user account informa 
tion linked to a payment account. The merchant device 306 
can Submit the payment information or user account infor 
mation to the payment processing system 302 through a 
communications network 308 for additional processing. 
The merchant device 306 can include, or be coupled to, a 

price database 310. The price database 310 stores identifiers 
of items carried by the physical store 304. Each identifier is 
associated with a price of the corresponding item. The price 
can be specified manually (e.g., by an operator of the 
physical store 304) or be specified automatically by a 
computing device local at or remote from physical store 304. 
The price database 310 is shown to be located at physical 
store 304. In various implementations, the price database 
310 can be located at physical store 304, in the payment 
processing system 302, or elsewhere. 
The payment processing system 302 includes a transac 

tion processing system 316. The transaction processing 
system 316 can include one or more computers configured 
to communicate with a card issuer (e.g., a credit card 
company) to approve a payment specified in the payment 
information. The transaction processing system 316 can 
include one or more computers configured to communicate 
with an online payment service to approve a payment using 
the user account information submitted by the merchant 
device 306. Upon successful approval, the transaction pro 
cessing system 316 can inform merchant device 306, cus 
tomer device 314, or both, that the payment is authorized. In 
the backend, the transaction processing system 316 can 
cause appropriate fund transfers between a customer's 
account and a merchant's account. 
The payment processing system 302 can store transaction 

data related to the purchases handled by the transaction 
processing system 316 in a transaction database 318. The 
transaction database 318 can store transaction data includ 
ing, for example, an identifier of the item purchased, a 
timestamp associated with the purchase, a purchase price, 
and a quantity (e.g., number of units of the item) of the 
purchase. 
The payment processing system 302 includes a merchan 

dise item database 320. The payment processing system 302, 
upon receiving purchase information from merchant device 
306, can determine time-based price information from the 
purchase information, and store the time-based price infor 
mation in the merchandise item database 320. The payment 
processing system 302 can store the time-based price infor 
mation in association with an identifier of the item. In 
addition, the merchandise item database 320 can store a cost 
of each item as provided by operators of the physical stores. 
Like the price, the cost of each item can be time-based. 
The payment processing system 302 includes a demand 

analyzer 322. The demand analyzer 322 can couple the 
transaction data stored in the transaction database 318 and 
the time-based price information stored in the merchandise 
item database 320 to determine a demand pattern. The 
demand analyzer 322 can perform the coupling of the 
transaction data and the time-based price information based 
on the identifiers of the items. 
The demand analyzer 322 is programmed to determine 

deviations in transactions based on the demand pattern, and 
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variables that correlate to the deviations. The demand ana 
lyzer 322 can determine whether price is a correlating 
variable and if yes, determine a suggested price or Suggested 
change in price. Additional details on the operations of the 
demand analyzer 322 are described in reference to FIG. 4. 
The payment processing system 302 can receive a request 

for demand analysis from a user device 324. The user device 
324 can be a desktop, laptop, or tablet computer, a Smart 
phone, or a wearable computing device. The user device 324 
can be merchant device 306 or a different device. The user 
device 324 is programmed to communicate with the pay 
ment processing system 302 and request the demand analy 
sis on one or more merchandise items (e.g., item A) carried 
by physical store 304. Upon receiving and authenticating the 
request, the payment processing system 302 can determine 
a suggested price using demand analyzer 322. If the payment 
processing system 302 receives a request to conduct an 
experiment using the Suggested price, the demand analyzer 
322 can update the price of each requested item in price 
database 310 and, optionally, in merchandise item database 
320. The update can be reflected in a next purchase that 
occurs in a time slot associated with the Suggested price. 
When the experiment is completed, the demand analyzer 
322 can keep the Suggested price or revert to the original 
price. 

Only one physical store is illustrated in FIG. 3. In various 
implementations, other physical stores having the same 
configuration of physical store 304 can be connected 
through the network to the payment processing system 302. 
These physical stores can be different from, and unrelated to, 
physical store 304. 

FIG. 4 is a block diagram illustrating exemplary compo 
nents of the demand analyzer 322 of FIG. 3. Each compo 
nent of the demand analyzer 322 can include hardware and 
Software components. 
The demand analyzer 322 includes a merchant device 

interface 404. The merchant device interface 404 is a 
component of the demand analyzer 322 configured to 
receive from a merchant device, directly or through the 
transaction processing system 316 (of FIG. 3), transaction 
information. The transaction information includes an item 
identifier of an item sold, a sales price of the item, a quantity 
of the item sold, and a transaction timestamp. The merchant 
device interface 404 can store the transaction information in 
transaction database 318. 

The demand analyzer 322 includes a merchant interface 
406. The merchant interface 406 is a component of the 
demand analyzer 322 configured to receive, from a user 
device, cost information and merchant registry data. The 
cost information can include cost of each item for which a 
user seeks demand analysis. The merchant registry data can 
include a location (e.g., Street address, city, state, country, 
and postal code) of a physical store operated by the mer 
chant. The merchant interface 406 can store the cost infor 
mation in the merchandise item database 320. The merchant 
interface 406 can store the merchant registry data in a 
merchant database 408. 
The demand analyzer 322 includes a prediction engine 

410. The prediction engine 410 is a component of the 
demand analyzer 322 configured to determine whether, 
during a specified period, sales quantity for an item or a 
group of items deviates from an expected quantity. If yes, the 
prediction engine 410 can determine if price of the item or 
the group of items is correlated to the deviation. If yes, the 
prediction engine 410 can determine a change in price or 
equivalently, a suggested price that can offset the deviation. 
The prediction engine 410 can make the determinations by 
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8 
applying a statistical model to transaction information stored 
in transaction database 318 (or from merchant device inter 
face 404), cost information stored in merchandise item 
database 320, and merchant registry data in the merchant 
database 408. The prediction engine 410 can identify similar 
physical stores (e.g., stored located in a same city or same 
postal code area) using the merchant registry data. 

In determining the change or the Suggested price, the 
prediction engine 410 considers time-based cost of an item. 
For example, upon determining, based on user input, that 
cost of item A will increase or decrease in the future, the 
prediction engine 410 can determine the Suggestion based on 
a future-cost sensitive rule. The future-cost sensitive rule can 
provide that, even if the decrease in price at a current time 
results in a temporary loss based on the current cost, a future 
gain caused by the increase in Volume being applied to a 
future price at a future cost can offset the loss and can be a 
viable option. 
The prediction engine 410 can adjust the statistical model 

according to various model parameter inputs. The model 
parameter inputs can include, for example, a length of the 
time period or a threshold for determining that a deviation is 
Sufficiently significant. The model parameter inputs can 
specify whether to use historical sales quantity, comparative 
sales quantity, or a combination of the two to perform the 
demand analysis. The prediction engine 410 can generate the 
Suggested price as an output. 
The demand analyzer 322 includes a Suggestion interface 

412. The Suggestion interface 412 is a component of the 
demand analyzer 322 configured to determine various user 
interfaces (e.g., user interfaces 100 and 200 of FIG. 1 and 
FIG. 2, respectively). The suggestion interface 412 can 
provide the user interfaces to a user device for presentation. 
The Suggestion interface 412 can provide Suggested price 
414 for presentation in the user interfaces. 
The Suggestion interface 412 can receive one or more 

experiment parameters from the user interfaces. The experi 
ment parameters can include whether to conduct an experi 
ment, whether to revert to an original price after an experi 
ment is completed, or whether to use demand analyzer 322 
to set future prices of the item. The suggestion interface 412 
can provide the parameters to a price management engine 
416. 
The price management engine 416 is a component of 

demand analyzer 322 configured to receive a suggested price 
from the prediction engine 410, and set the sales price to the 
Suggested price at a physical store according the parameters 
received from the Suggestion interface 412. The price man 
agement engine 416 can determine price schedule 418. 
which includes prices of an item at various time. For 
example, the price schedule 418 can specify that the price 
for item A is x dollars per unit, except for the time slot 
between 5 pm and 6 pm on weekdays. The price schedule 
418 can specify that in this time slot, the price of item A is 
y dollars per unit (where the is a suggested price). The price 
management engine 416 can provide the price schedule 418 
to a price database of a physical store. The price of item A 
in the physical store can then be a dynamic price, controlled 
by demand analyzer 322 and varying over time. 

FIG. 5 is a flowchart illustrating exemplary procedure 500 
of dynamic pricing operations for a physical store. Proce 
dure 500 can be performed by a system, e.g., system 300 of 
FIG. 3. 
The system can receive (502), from one or more merchant 

devices associated with a first physical store, cost informa 
tion of a merchandise item, price information of the mer 
chandise item, and sales information of the merchandise 
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item. The merchandise item can include a unit of goods or 
services being sold at the first physical store. The sales 
information can include quantity of the merchandise item 
being sold over a time period at the first physical store. 

The system can determine (504), based on the sales 
information, that, in a time slot in the time period, a 
difference between a first quantity of the merchandise item 
sold at the first physical store and a target quantity of the 
merchandise item sold at the first physical store exceeds a 
threshold value. The target quantity of the merchandise item 
sold at the first physical store can be a quantity determined 
based on anonymized sales information of the merchandise 
item. The system can receive the anonymized sales infor 
mation from one or more merchant devices associated with 
one or more second physical stores. In some implementa 
tions, the time period is a day. The time slot can be an hour 
or a time unit Smaller than an hour. In some implementa 
tions, the time period can be a week, a month, or a year. The 
time slot can be a day or a time unit Smaller than a day. 

In response, the system can predict (506), based on the 
price information received from the one or more merchant 
devices associated with the first physical store, the anony 
mized sales information, and anonymized price information 
received from the one or more merchant devices associated 
with the one or more second physical stores, that adjusting 
price of the merchandise item to a suggested price will cause 
the quantity of the merchandise item being sold at the first 
physical store in the time slot to change by a delta quantity 
value. The system can determine the Suggested price based 
on a rule specifying that, after the change in price, the 
difference between a first quantity of the merchandise item 
sold at the first physical store and a target quantity of the 
merchandise item sold at the first physical store is expected 
to be reduced to below the threshold value. 

The system can provide (508) the suggested price to an 
operator of the first physical store as a Suggestion on 
adjusting a price of the merchandise item during the time 
slot. For example, the system can present, on a display 
device, the increase in the revenue or the profit as a reason 
of the Suggestion. Providing the Suggested price is based on 
an estimation that the Suggested price and the delta quantity 
value cause an increase in at least one of a revenue or a profit 
of selling the merchandise item at the first physical store. 

FIG. 6 is a flowchart illustrating exemplary procedure 600 
of dynamic pricing operations for a physical store. Proce 
dure 500 can be performed by a system, e.g., system 300 of 
FIG. 3. 
The system receives (602) cost information, price infor 

mation, and sales information of a merchandise item sold at 
a physical store. The sales information includes quantity of 
the merchandise item being sold over a time period at the 
physical store. 
The system determines (604), based on the sales infor 

mation, that a sales variance occurs in a time slot in the time 
period. The sales variance can include a dip or spike in the 
quantity of the merchandise item being sold in the time slot. 
The dip or spike is a deviation from a statistical average that 
exceeds a threshold value. The system can determine that the 
sales variance occurs in a time slot upon determining, based 
on the sales information, that the quantity of the merchan 
dise item being sold in the time slot deviates, by at least a 
threshold amount, from an expected quantity. The system 
can determine the expected quantity based on at least one of 
(1) a quantity of the merchandise item being sold in one or 
more comparable physical stores, or (2) a quantity of the 
merchandise item being sold in the physical store in at least 
one other time slot in the time period. 
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10 
In response, the system predicts (606), based on the price 

information and the cost information, that adjusting price of 
the merchandise item to a Suggested price in the time slot 
will cause the quantity of the merchandise item being sold 
at the first physical store in the time slot to change by a delta 
quantity value that at least partially offsets the sales Vari 
ance. In making the prediction, the system can determine 
that the Suggested price is greater than or equals to cost of 
the merchandise item. Making the prediction can include 
determining, based on a probabilistic model, that a variable 
most strongly correlated to the dip or spike is the price of the 
merchandise item being sold at the physical store in the time 
slot. The system can then determine the Suggested price 
based on a magnitude of the dip or spike and a degree of 
correlation between the price and the dip or spike. 
The system provides (608) the suggested price to an 

operator of the physical store as a Suggestion on adjusting 
the price of the merchandise item during the time slot. 
Providing the Suggested price can include providing a first 
option (e.g., option item 110 of FIG. 1 or option item 212 of 
FIG. 2) of rejecting the Suggested price, providing a second 
option (e.g., option item 112 of FIG. 1 or option item 214 of 
FIG. 2) of performing an experiment of adjusting the price 
of the merchandise item to the Suggested price, and provid 
ing a third option (e.g., option item 116 of FIG. 1 or option 
item 218 of FIG. 2) of automatically determining, by the 
system, time-based prices of the merchandise item being 
sold at the physical store. In some implementations, the 
system provide the Suggestion on adjusting the price of the 
merchandise item and Suggestions on adjusting prices of a 
group of merchandise items including the merchandise item 
as packaged information for display in a dashboard on a user 
device. 
Upon receiving the second option of performing an 

experiment, the system experiments with the Suggested 
price. In the experiment, the system causes the one or more 
merchant devices associated with the physical store to adjust 
the price of the merchandise item to the Suggested price for 
duration of the time slot. The system then determines, based 
on results of experimenting the Suggested price, whether a 
change in the quantity of merchandise item sold during the 
time slot coincides with the predicted delta quantity value. 
The system provides, to the operator of the physical store, a 
coincidence, or a non-coincidence for display on a display 
device. 
Upon receiving the third option of automatically deter 

mining, the system determines a time-based price schedule 
of selling the merchandise item at the physical store based 
on a location of the physical store. The system then auto 
matically adjusts, the price of the merchandise item being 
sold at the physical store according to the time-based price 
schedule. 

FIG. 7 is a block diagram of exemplary system architec 
ture 700 for implementing the features and operations of 
FIGS. 1-6. Other architectures are possible, including archi 
tectures with more or fewer components. System architec 
ture 700 can be implemented by payment processing system 
302 of FIG. 3. In some implementations, architecture 700 
includes one or more processors 702 (e.g., dual-core Intel(R) 
Xeon(R) Processors), one or more output devices 704 (e.g., 
LCD), one or more network interfaces 706, one or more 
input devices 708 (e.g., mouse, keyboard, touch-sensitive 
display) and one or more computer-readable mediums 712 
(e.g., RAM, ROM, SDRAM, hard disk, optical disk, flash 
memory, etc.). These components can exchange communi 
cations and data over one or more communication channels 
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710 (e.g., buses), which can utilize various hardware and 
software for facilitating the transfer of data and control 
signals between components. 
The term “computer-readable medium” refers to any 

medium that participates in providing instructions to pro 
cessor 702 for execution, including without limitation, non 
Volatile media (e.g., optical or magnetic disks), Volatile 
media (e.g., memory) and transmission media. Transmission 
media includes, without limitation, coaxial cables, copper 
wire and fiber optics. 

Computer-readable medium 712 can further include oper 
ating system 714 (e.g., Mac OS(R) server, Windows Server R, 
Android R, or iOSR), network communication module 716, 
demand analysis instructions 720, Suggestion instructions 
730, and price management instructions 740. Operating 
system 714 can be multi-user, multiprocessing, multitask 
ing, multithreading, real time, etc. Operating system 714 
performs basic tasks, including but not limited to: recogniz 
ing input from and providing output to devices 706, 708: 
keeping track and managing files and directories on com 
puter-readable mediums 712 (e.g., memory or a storage 
device); controlling peripheral devices; and managing traffic 
on the one or more communication channels 710. Network 
communications module 716 includes various components 
for establishing and maintaining network connections (e.g., 
Software for implementing communication protocols, such 
as TCP/IP, HTTP, etc.). Demand analysis instructions 720 
can include instructions that, when executed, causes proces 
sor 702 to perform operations of prediction engine 410 as 
described above in reference to FIG. 4. Suggestion instruc 
tions 730 can include instructions that, when executed, 
causes processor 702 to perform operations of suggestion 
interface 412 as described above in reference to FIG. 4. Price 
management instructions 740 can include instructions that, 
when executed, causes processor 702 to perform operations 
of price management engine 406 as described above in 
reference to FIG. 4. 

Architecture 700 can be implemented in a parallel pro 
cessing or peer-to-peer infrastructure or on a single device 
with one or more processors. Software can include multiple 
Software components or can be a single body of code. 
The described features can be implemented advanta 

geously in one or more computer programs that are execut 
able on a programmable system including at least one 
programmable processor coupled to receive data and 
instructions from, and to transmit data and instructions to, a 
data storage system, at least one input device, and at least 
one output device. A computer program is a set of instruc 
tions that can be used, directly or indirectly, in a computer 
to perform a certain activity or bring about a certain result. 
A computer program can be written in any form of pro 
gramming language (e.g., C++, Java), including compiled or 
interpreted languages, and it can be deployed in any form, 
including as a stand-alone program or as a module, compo 
nent, Subroutine, a browser-based web application, or other 
unit Suitable for use in a computing environment. 

Suitable processors for the execution of a program of 
instructions include, by way of example, both general and 
special purpose microprocessors, and the Sole processor or 
one of multiple processors or cores, of any kind of computer. 
Generally, a processor will receive instructions and data 
from a read-only memory or a random access memory or 
both. The essential elements of a computer are a processor 
for executing instructions and one or more memories for 
storing instructions and data. Generally, a computer will also 
include, or be operatively coupled to communicate with, one 
or more mass storage devices for storing data files; Such 
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12 
devices include magnetic disks, such as internal hard disks 
and removable disks; magneto-optical disks; and optical 
disks. Storage devices Suitable for tangibly embodying 
computer program instructions and data include all forms of 
non-volatile memory, including by way of example semi 
conductor memory devices, such as EPROM, EEPROM, 
and flash memory devices; magnetic disks Such as internal 
hard disks and removable disks; magneto-optical disks; and 
CD-ROM and DVD-ROM disks. The processor and the 
memory can be supplemented by, or incorporated in, ASICs 
(application-specific integrated circuits). 
To provide for interaction with a user, the features can be 

implemented on a computer having a display device Such as 
a CRT (cathode ray tube) or LCD (liquid crystal display) 
monitor for displaying information to the user and a key 
board and a pointing device Such as a mouse or a trackball 
by which the user can provide input to the computer. 
The features can be implemented in a computer system 

that includes a back-end component, such as a data server, 
or that includes a middleware component, such as an appli 
cation server or an Internet server, or that includes a front 
end component, such as a client computer having a graphical 
user interface or an Internet browser, or any combination of 
them. The components of the system can be connected by 
any form or medium of digital data communication Such as 
a communication network. Examples of communication 
networks include, e.g., a LAN, a WAN, and the computers 
and networks forming the Internet. 
The computer system can include clients and servers. A 

client and server are generally remote from each other and 
typically interact through a network. The relationship of 
client and server arises by virtue of computer programs 
running on the respective computers and having a client 
server relationship to each other. 
A number of implementations of the invention have been 

described. Nevertheless, it will be understood that various 
modifications can be made without departing from the spirit 
and scope of the invention. 

What is claimed is: 
1. A method comprising: 
receiving, at a payment processing system, from one or 
more merchant devices located at a physical store, price 
information, and sales information of a merchandise 
item sold at the physical store, the sales information 
including a quantity of the merchandise item being sold 
over a time period at the physical store; 

determining, at the payment processing system, based on 
the sales information, that a sales variance occurs in a 
time slot within the time period, the sales variance 
including a dip or spike in the quantity of the merchan 
dise item being sold in the time slot, the dip or spike 
being a deviation from a statistical average that exceeds 
a threshold amount; 

in response to determining the sales variance occurs in the 
time slot within the time period, predicting, at the 
payment processing system, based on the price infor 
mation, that increasing or decreasing a price of the 
merchandise item to an adjusted price in the time slot 
will cause the quantity of the merchandise item being 
sold at the physical store in the time slot to change by 
a delta quantity value that at least partially offsets the 
sales variance; 

adjusting, by the payment processing system, via the one 
or more merchant devices associated with the physical 
store, the price of the merchandise item to the adjusted 
price for a duration of the time slot; 
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receiving, at the payment processing system, a first indi 
cation of sales of the merchandise item at the adjusted 
price during the duration of the time slot; 

determining, at the payment processing system, whether a 
change in a quantity of the merchandise item sold 
during the duration of the time slot corresponds to the 
predicted delta quantity value; and 

providing, by the payment processing system, to at least 
one device of the one or more merchant devices, a 
second indication of whether the change in quantity 
corresponds to the predicted delta quantity value, the 
second indication for display on a display device, 

wherein the method is performed by one or more com 
puting devices at the payment processing system, and 

wherein the one or more merchant devices are pro 
grammed to: 
display at least one of the price or the adjusted price for 

the merchandise item; and 
receive customer account information regarding pay 

ment for the merchandise item. 
2. The method of claim 1, wherein determining that the 

sales variance occurs in a time slot comprises determining, 
based on the sales information, that the quantity of the 
merchandise item being sold in the time slot deviates, by at 
least a threshold amount, from at least one of 

a quantity of the merchandise item being sold in one or 
more comparable physical stores, or 

a quantity of the merchandise item being sold in the 
physical store in at least one other time slot within the 
time period. 

3. The method of claim 2, wherein adjusting the price of 
the merchandise item to the adjusted price will cause the 
quantity of the merchandise item being sold at the physical 
store in the time slot to change comprises: 

determining, based on a probabilistic model, that a vari 
able most strongly correlated to the dip or spike is the 
price of the merchandise item being sold at the physical 
store in the time slot; and 

determining the adjusted price based on a magnitude of 
the dip or spike and a degree of correlation between the 
price and the dip or spike. 

4. The method of claim 1, wherein providing the adjusted 
prices comprises: 

providing an option of rejecting the adjusted price; and 
providing an option of automatically determining time 

based prices of the merchandise item being sold at the 
physical store using the one or more computing 
devices. 

5. The method of claim 4, comprising, upon receiving a 
selection of the option of automatically determining time 
based prices of the merchandise item: 

determining a time-based price schedule of selling the 
merchandise item at the physical store based on a 
location of the physical store; and 

automatically adjusting, by the one or more computing 
device, the price of the merchandise item being sold at 
the physical store according to the time-based price 
schedule. 

6. The method of claim 1, comprising: 
providing a suggestion, from the payment processing 

system, to the one or more merchant devices, on 
adjusting the price of the merchandise item and Sug 
gestions on adjusting prices of a group of merchandise 
items including the merchandise item as packaged 
information for display in a dashboard on a user device. 

7. A system, comprising: 
one or more computing devices; 
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14 
a non-transitory computer readable medium storing 

instructions operable to cause the one or more com 
puting devices to perform operations comprising: 
receiving, at a payment processing system, from one or 
more merchant devices located at a physical store, 
price information, and sales information of a mer 
chandise item sold at a physical store, the sales 
information including a quantity of the merchandise 
item being sold over a time period at the physical 
Store; 

determining, at the payment processing system, based 
on the sales information, that a sales variance occurs 
in a time slot within the time period, the sales 
variance including a dip or spike in the quantity of 
the merchandise item being sold in the time slot, the 
dip or spike being a deviation from a statistical 
average that exceeds a threshold amount; 

in response to determining the sales variance occurs in 
the time slot within the time period, predicting, at the 
payment processing system, based on the price infor 
mation, that increasing or decreasing a price of the 
merchandise item to an adjusted price in the time slot 
will cause the quantity of the merchandise item being 
sold at the physical store in the time slot to change 
by a delta quantity value that at least partially offsets 
the sales variance; 

adjusting, by the payment processing system, via the 
one or more merchant devices associated with the 
physical store the price of the merchandise item to 
the adjusted price for a duration of the time slot; 

receiving, at the payment processing system, a first 
indication of sales of the merchandise item at the 
adjusted price during the duration of the time slot; 

determining, at the payment processing system, 
whether a change in a quantity of the merchandise 
item sold during the duration of the time slot corre 
sponds to the predicted delta quantity value; and 

providing, by the payment processing system, to at 
least one device of the one or more merchant 
devices, a second indication of whether the change in 
quantity corresponds to the predicted delta quantity 
value, the second indication for display on a display 
device, 

wherein the one or more merchant devices being pro 
grammed to: 
display at least one of a price or the adjusted price for 

the merchandise item; and 
receive customer account information in payment for 

the merchandise item. 
8. The system of claim 7, wherein determining that the 

sales variance occurs in a time slot comprises determining, 
based on the sales information, that the quantity of the 
merchandise item being sold in the time slot deviates, by at 
least a threshold amount, from at least one of 

a quantity of the merchandise item being sold in one or 
more comparable physical stores, or 

a quantity of the merchandise item being sold in the 
physical store in at least one other time slot within the 
time period. 

9. The system of claim 8, wherein predicting that adjust 
ing price of the merchandise item to the adjusted price will 
cause the quantity of the merchandise item being sold at the 
physical store in the time slot to change comprises: 

determining, based on a probabilistic model, that a vari 
able most strongly correlated to the dip or spike is the 
price of the merchandise item being sold at the physical 
store in the time slot; and 
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determining the adjusted price based on a magnitude of 
the dip or spike and a degree of correlation between the 
price and the dip or spike. 

10. The system of claim 7, wherein providing the adjusted 
price further comprises: 5 

providing an option of rejecting the adjusted price; and 
providing and option of automatically determining time 

based prices of the merchandise item being sold at the 
physical store using the one or more computing 
devices. 

11. The system of claim 10, the operations comprising, 
10 

upon receiving a selection of the option of automatically 
determining time based prices of the merchandise item: 

determining a time based price schedule of selling the 
merchandise item at the physical store based on a 
location of the physical store; and 

automatically adjusting, by the one or more computing 
device, the price of the merchandise item being sold at 
the physical store according to the time based price 
Schedule. 

12. The system of claim 7, the operations comprising: 
providing a suggestion on adjusting the price of the 

merchandise item and suggestions on adjusting prices 
of a group of merchandise items including the mer 
chandise item as packaged information for display in a 
dashboard on a user device. 

13. A non-transitory computer readable medium storing 

15 

25 

instructions operable to cause one or more computing 
devices to perform operations comprising: 

receiving, at a payment processing system, from one or 
more merchant devices located at a physical store, cost 
information, price information, and sales information 
of a merchandise item sold at a physical store, the sales 
information including a quantity of the merchandise 
item being sold over a time period at the physical store; 

determining, at the payment processing system, based on 
the sales information, that a sales variance occurs in a 
time slot within the time period, the sales variance 
including a dip or spike in the quantity of the merchan 
dise item being sold in the time slot, the dip or spike 
being a deviation from a statistical average that exceeds 
a threshold amount; 

in response to determining the sales variance occurs in the 
time slot within the time period, predicting, at the 
payment processing system, based on the price infor 
mation and the cost information, that increasing or 
decreasing a price of the merchandise item to an 
adjusted price in the time slot will cause the quantity of 
the merchandise item being sold at the physical store in 
the time slot to change by a delta quantity value that at 
least partially offsets the sales variance, including 
determining that the adjusted price is greater than or 
equal to a cost of the merchandise item; 

adjusting, by the payment processing system, via the one 
or more merchant devices associated with the physical 
store to adjust the price of the merchandise item to the 
adjusted price for a duration of the time slot: 

receiving a first indication of sales of the merchandise 
item at the adjusted price during the duration of the 
time slot; 

determining, at the payment processing system, whether a 
change in a quantity of the merchandise item sold 
during the duration of the time slot corresponds to the 
predicted delta quantity value: 
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16 
providing, by the payment processing system, to at least 

one device of the one or more merchant devices, a 
second indication of whether the change in quantity 
corresponds to the predicted delta quantity value, the 
second indication for display on a display device, and 

providing the adjusted price to an operator of the physical 
store of the merchandise item during the time slot, 

wherein the one or more merchant devices being pro 
grammed to: 
display at least one of the price or the adjusted price for 

the merchandise item; and 
receive customer account information in payment for 

the merchandise item. 
14. The non-transitory computer readable medium of 

claim 13, wherein determining that the sales variance occurs 
in a time slot comprises determining, based on the sales 
information, that the quantity of the merchandise item being 
sold in the time slot deviates, by at least a threshold amount, 
from at least one of: 

a quantity of the merchandise item being sold in one or 
more comparable physical stores, or 

a quantity of the merchandise item being sold in the 
physical store in at least one other time slot within the 
time period. 

15. The non-transitory computer readable medium of 
claim 14, wherein predicting that adjusting the price of the 
merchandise item to the adjusted price will cause the quan 
tity of the merchandise item being sold at the physical store 
in the time slot to change comprises: 

determining, based on a probabilistic model, that a vari 
able most strongly correlated to the dip or spike is the 
price of the merchandise item being sold at the physical 
store in the time slot; and 

determining the adjusted price based on a magnitude of 
the dip or spike and a degree of correlation between the 
price and the dip or spike. 

16. The non-transitory computer readable medium of 
claim 13, wherein adjusting the adjusted price further com 
prises: 

providing an option of rejecting the adjusted price; and 
providing an option of automatically determining time 

based prices of the merchandise item being sold at the 
physical store using the one or more computing 
devices. 

17. The non-transitory computer readable medium of 
claim 16, the operations comprising, upon receiving a selec 
tion of the option of automatically determining time based 
prices of the merchandise item: 

determining a time based price schedule of selling the 
merchandise item at the physical store based on a 
location of the physical store; and 

automatically adjusting, by the one or more computing 
device, the price of the merchandise item being sold at 
the physical store according to the time based price 
schedule. 

18. The non-transitory computer readable medium of 
claim 13, the operations comprising: 

providing a suggestion on adjusting the price of the 
merchandise item and suggestions on adjusting prices 
of a group of merchandise items including the mer 
chandise item as packaged information for display in a 
dashboard on a user device. 


